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Abstract of JP1 1 1 60708 

PROBLEM TO BE SOLVED: To improve stability and to increase the area with a uniform film thickness 
by a simple method by subjecting a resin film including dichromatic photoreactive constitution units to 
irradiation with light of linearly polarized light or the irradiation with non-polarized light from a diagonal 
direction and a heat treatment. SOLUTION: The alignment film is formed by subjecting the resin film 
including the dichromatic photoreactive constitution units, more preferably the latently liquid crystalline 
or crystalline resin film to the irradiation with the light of the linearly polarized light or the in^adiation with 
the non-polarized light from the diagonal direction and the heat treatment The dichromatic 
photoreactive constitution units included in the resin film are particularly preferably the liquid crystalline 
or crystalline units substituted with the azobenzene expressed by the formula. In the formula. X is a 
bivalent residue bonded to a high polymer main chain; Y denotes a hydrogen atom, up to 8C alkyi 
group, cycloalkyi group, cyano group, nitro group, up to 6C alkoxy group, up to 6C alkoxycarbonyl 
group, halogen group, trifluoromethyl group ortrifluoromethoxy group. 
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NOTICES * 

•0 and NCI PI are not responsible for any 
mages caused by the use of this translation. 

This document has been translated by computer. So the translation may not reflect the original 

ecisely. 

4c*** shows the word which can not be translated. 
In the drawings, any words are not translated. 



-AIMS 



7) [Claim(s)] 

laim 1] The manufacture approach of the orientation resin film characterized by heat-treating further 
ter performing the exposure from [ of the light of unpolarized light ] slant to a resin coat including a 
^hroism photoreaction nature configuration unit. 

laim 2] The manufacture approach of the orientation resin film potentially characterized by heat- 
bating further after [ including a dichroism photoreaction nature configuration unit ] performing the 
posure from [ of the light of unpolarized light ] slant to liquid crystallinity or a crystalline resin coat, 
laim 3] The manufacture approach of the orientation resin film according to claim 1 or 2 characterized 
the thing for which the dichroism photoreaction nature configuration unit was permuted by the 
obenzene derivative expressed with the following general formula (1), and which is liquid crystallinity or 
crystalline configuration unit potentially. 
Drmula 1] 




ne residue of the bivalence which combines X with a macromolecule principal chain among a formula, 
d Y show a hydrogen atom, the alkyi group to a carbon number 8, a cycloalkyi radical, a cyano group, a 
ro group, the alkoxy group to a carbon number 6, the alkoxy carbonyl group to a carbon number 6, a 
ogen radical, a trifluoromethyl radical, or a trifluoro methoxy group) 

(aim 4] The manufacture approach of a substrate of having the orientation resin film characterized by 
3t-treating further after preparing a resin coat including a dichroism photoreaction nature configuration 
t on a substrate and performing an exposure for the light of unpolarized light from across at this resin 
at. 

aim 5] It considers as the substrate which the resin coat including a dichroism photoreaction nature 
nfiguration unit was prepared, light of unpolarized light was further heat-treated [ substrate ] to it after 
-forming an exposure from across to this resin coat, and made the orientation resin film form on a 
)strate. This substrate. The same as that of this, or the manufacture approach of an optical element 
ich carries out opposite arrangement of the substrate which made the orientation resin film which may 
"er form, and is characterized by making liquid crystal **** among these substrates. 



anslation done.] 
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ETAILED DESCRIPTION 



etailed Description of the Invention] 
301] 

ield of the Invention] This invention relates to the optical element which used the orientation resin film 
' the orientation resin film by which the direction of orientation was controlled by arbitration, and its 
mufacture approach list. 
D02] 

escription of the Prior Art] The technique to which orientation of the molecule of an organic material 
a macromolecuie system ingredient is carried out is a fundamental technique for manufacturing various 
tical elements based on optical anisotropy, for example, a polarizing element, an optical compensation 
n. optical waveguide, an optical information record object, etc. in order to aim at improvement in the 
jchanical strength of those ingredients. The reasonable universal method of realizing molecular 
entation of organic and a macromolecuie system ingredient extends fiber and the film of a 
icromolecule dynamically, and enhancement of the reinforcement of fiber or a film is achieved by this. 
)reover. a phase compensating plate is manufactured, or orientation of the coloring matter molecule is 
rried out at least for an oriented film with an oriented film, and a polarizing element is manufactured, 
•wever, by these mechanical approaches, in order that the drawing force may work to homogeneity over 
er or the whole film, the direction of orientation of arbitration cannot be given to the location of 
)itration. Moreover, even if the orientation to the drawing direction is possible, it cannot control 
entation in a vertical field to the direction. Moreover, in an organic material, since there is no 
schanical reinforcement, such drawing processing cannot be used directly. 

)03] On the other hand, since liquid crystal shows an anisotropy optically, it is still more nearly 
ailable the birefringence and dichroism, and by using optical activity further to components, such as a 
play or record, and various optical elements based on optical properties, such as polarization and an 
tical interference. Moreover, the liquid crystal display based on switching of liquid crystal orientation is 
ilized by making liquid crystal pinch between two substrates which prepared the transparent electrode, 
nstituting the liquid crystal cell which consists of many pixels, and impressing an electrical potential 
ference to the liquid crystal layer. In order to make the optimal the optical property of such a liquid 
/stal display, the method of it being indispensable to the direction of homogeneity in liquid crystal an 
ay and carrying out orientation, for this reason processing a substrate front face chemically or 
/sically is learned (J. Cognard, Mol.Cryst.Liq.Cryst.. Spplement 1. pi (1982)). 

)04] For example, in order to obtain the homogeneous orientation of the liquid crystal which made 
-allel on the substrate front face and made orientation to homogeneity in the one direction, the 
Droach of carrying out rubbing processing of covering a substrate front face with giant-molecule resin 
1. such as polyimide. and grinding this against an one direction with cloth etc. is learned. This approach 
/videly used for manufacture of the indispensable orientation film for liquid crystal, when building a 
jid crystal cell. 

)05] As orientation arts other than the rubbing method, the method vacuum deposition (JP,56- 
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•826.A) of slanting, the Langmuir-Blodgett's technique (JP.62-195622.A) which prepares a giant- 
Diecule monomolecular film in a substrate front face, and the stamp methods (JP.6-43457,A etc.) which 
print an orientation condition using the base material by which orientation processing was already 
rried out are proposed. 

006] As other approaches of controlling liquid crystal orientation, the liquid crystal orientation 
•ntrolling method for using the photochemical reaction on the front face of a substrate is learned. This 
proach prepares the molecular layer or macromolecule layer containing the molecule which causes 
)merization in an operation of light in a substrate front face, and performs orientation control by making 
e light of the linearly polarized light irradiate that layer (Ichimura, a front face. 32 and 671, reference 
994)). The orientation of the liquid crystal can be made to carry out in the direction which change of 
e molecular structure or molecular orientation is evoked, and the orientation of liquid crystal changes, 
d is specified with the polarization shaft of the linearly polarized light by irradiating the light of the 
eariy polarized light at an above-mentioned molecular layer or an above-mentioned macromolecule 
'er, and homogeneous orientation control is realized easily (kawanishi et a!., Polym.Mater.Sci.Eng., 66. 
63 (1992)). 

D07] If it is the phot do MIKKU molecule with which a photoreaction nature child starts the reversible 
otoreaction. since homogeneous orientation of the liquid crystal can be reversibly carried out to the 
>lecular layer or giant-molecule layer containing these phot do MIKKU molecules in the predetermined 
ection by irradiating the light of the linearly polarized light, it is available for rewritable optical recording 
the component for an optical display (Ichimura, chemistry and industry, 48, and pi 232 (1995)). 
>reover. the light of the linearly polarized light is irradiated at the coat formed in polyimide by carrying 
t dissolution distribution of the dichroism coloring matter, and the approach of using as the orientation 
n for liquid crystal is also proposed (Gibbon et al.. Nature, 351. p49 (1991)). 

DOB] The liquid crystal orientation art which becomes the poly membrane which, on the other hand, has 
3 cinnamic acid derivative (M.Schadt and others, Jpn.J.Appl.Phys., 74, and p2071 (1992)) which causes 
otodimerization, and a coumarin derivative (M.Schadt and others. Nature, 381, and p212 (1996)) in a 
le chain from irradiating the linearly polarized light is proposed. More approach irradiates straight-line 
raviolet rays at the polyimide film, and let it be the orientation film for liquid crystal (Hasegawa et al.. 
^hotopolym.Sci.Technol., 2, and p241 (1995)). Or the method of irradiating an excimer laser on a 
icromolecule front face, and making a periodic stripesHike pattern form in a front face is also reported 
=>.2-196219,A etc.). 

)09] By the way, although rubbing processing gives homogeneous orientation comparatively easily, 
ice the direction of orientation is limited to an one direction, it is difficult or impossible to give a detail 
d the orientation condition of a multiple spindle. For this reason, although the direction of a pre tilt 
gle which divides 1 pixel into plurality and is different for every field, or liquid crystal orientation is set 
in the orientation split plot experiment (JP,62~1 591 19,A, JP,63-106624,A) which improves the angle- 
-visibility dependency especially in a liquid crystal display and which is proposed as law on the other 
nd, it is difficult to perform this with a rubbing approach, and productivity is missing. Moreover, other 
ysical methods lack in productivity remarkably as follows. That is, it is indispensable to need a vacuum 
stem in the method vacuum deposition of slanting, and to pull up the water surface expansion film in a 
ngmuir-Blodgett's technique, and it must produce an orientation processing layer beforehand by the 
imp method. 

)10] On the other hand, since the approach of controlling liquid crystal orientation by operation of light 
es a hyperfractionation pixel by giving a liquid crystal orientation condition, and also diverting the 
ihnique of photolithography to some other purpose by exposing the large area of a substrate 
llectively. it is an approach excellent in the principle target. However, when applying this approach to 
5 orientation film for liquid crystal, the following troubles existed. That is. the orientation film for liquid 
/stal which comes to dissolve a coloring matter molecule in polyimide has a possibility that a coloring 
itter molecule may remelt in a liquid crystal layer, after building a liquid crystal device. Although it is 
ective when using the photoisomerization reaction in the macromolecule layer prepared in the 
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bstrate front face, and changing liquid crystal orientation repeatedly reversibly, the orientation 
•ndition specified according to an operation of light like the orientation film for liquid crystal being 
ermal or the trouble that the stability over light is missing remains. Furthermore, if electrical-potential- 
ference impression is carried out, it is reported to the liquid crystal device produced using the 
ientation film for liquid crystal incorporating these photoisomerization reactions that orientation is also 
disorder (Yaroshchuk et al., SPIE, 2795, and p71 (1996)). Moreover, by the approach using a 
otodimerization nature macromolecule. it had the fault that the wavelength of the light used for optical 
ientation had the large amount of exposure energy required for the polarizing element in which a large 
33 exposure is possible being hard to be obtained upwards, and discovering stable orientation thermally 
ice it inclines toward ultraviolet rays (Ichimura and others. Macromolecules. 30, and 903 (1996)). 
rthermore, the amount of exposure energy when the wavelength of a light [ activity / approach / of 
otodissociate a poly membrane front face by the light of short wavelength like an excimer laser ] 
;line toward ultraviolet rays be large, and in order to present practical use, when there be a possibility 
at the decomposition product generate by optical exposure may become the cause of surface 
ntamination and it have not only be a serious failure, but apply to the minute orientation film for liquid 
/stal, it may pose a problem. 
311] 

roblem(s) to be Solved by the Invention] The resin film by which molecular orientation was carried out 
the operation of light is manufactured without using dynamic actuation for this invention, The condition 
carrying out orientation with light It is further made [ heat, light, ] altitude to electric field at stability, 
e amount of exposure energy which optical orientation takes in order to improve attaining large area- 
ition by uniform thickness, that the manufacture approach is not complicated, and productivity is 
Juced as much as possible. Since it corresponds to giving a multiaxial orientation condition easily since 
)ixel probably corresponds comparatively, and large area exposure, the wavelength of activity light does 
t incline toward short wavelength too much, **** is solved at once and let it be the technical problem 
offer the optical element which used the orientation resin film for the durable orientation resin film and 
manufacture approach list. 
D12] 

eans for Solving the Problem] As a result of repeating research wholeheartedly that this invention 
rsons should solve the above-mentioned technical problem , when resin including a dichroism 
otoreaction configuration unit show liquid crystallinity or crystallinity potentially , by heat-treating a 
ly membrane , it the orientation condition produce by optical exposure to the coat of the 
icromolecule made to form from a solution not only improve remarkably . but find out that it can 
•ibilize to altitude , and it came to complete this invention based on these knowledge . 
)1 3] That is, according to this invention, after performing the exposure from [ of the light of 
polarized light ] slant to a resin coat including a dichroism photoreaction nature configuration unit, the 
inufacture approach of the orientation resin film characterized by heat-treating further is offered. 
)reover, according to this invention, potentially, after [ including a dichroism photoreaction nature 
nfiguration unit ] performing the exposure from [ of the light of unpolarized light ] slant to liquid 
/stallinity or a crystalline resin coat, the manufacture approach of the orientation resin film 
aracterized by heat-treating further is offered. Moreover, according to this invention, the manufacture 
proach of the above-mentioned orientation resin film that a dichroism photoreaction nature 
nfiguration unit is especially characterized by the thing which was permuted by the azobenzene 
rivative expressed with the following general formula (1) and which is liquid crystallinity or a crystalline 
nfiguration unit potentially is offered. 
Drmula 3] 
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B residue of the bivalence which combines X with a macromolecule principal chain among a formula, and 
— a hydrogen atom and the alkyi group to a carbon number 8 — According to this invention, to the 
n in which a cycloalkyi radical, a cyano group, a nitro group, the alkoxy group to a carbon number 6, the 
;oxy carbonyl group to a carbon number 6, a halogen radical, a trifluoromethyl radical, or a trifluoro 
jthoxy group is shown On a substrate, a resin coat including a dichroism photoreaction nature 
nfiguration unit is prepared, and the manufacture approach of a substrate of having the orientation 
sin film characterized by heat-treating light of unpolarized light further after performing an exposure 
)m across in this resin coat is offered. It considers as the substrate which according to this invention 
3 resin coat including a dichroism photoreaction nature configuration unit was prepared, light of 
polarized light was further heat-treated [ substrate ] to it after performing an exposure from across to 
s resin coat, and made the orientation resin film form on a substrate further again. This substrate. The 
me as that of this or the manufacture approach of an optical element which carries out opposite 
angement of the substrate which made the orientation resin film which may differ form, and is 
aracterized by making liquid crystal **** among these substrates is offered. 
314] 

mbodiment of the Invention] This invention is explained in full detail below. The orientation resin film of 
s invention is more preferably characterized by the resin coat including a dichroism photoreaction 
ture configuration unit, and performing and coming to form the exposure of the light of the linearly 
larized light or the exposure from [ of the light of unpolarized light ] slant, and heat-treatment in liquid 
/stallinity or a crystalline resin coat potentially. 

)15] The macromolecule in which liquid crystallinity or crystallinity is shown is an isotropic phase in a 
lution, and an anisotropy is not shown. Therefore, a residual solvent exists in the macromolecule coat 
*med from this solution, or under the conditions formed into spreading film production, still be [ it / 
lorphous ], chisel liquid crystallinity or crystallinity arises selectively. That is, although a 
otochemistry-[ a photoreaction nature machine ] structural change or orientation change tends to take 
ice in the state of film production, it can liquid-crystallize, or can be made to be able to crystallize and 
itude can be made to stabilize an orientation condition by heating this. This is for liquid crystallinity or 
/stallinity to be discovered with the intermolecular interaction between the principal chain of a 
icromolecule, or a side chain, whenever [ molecular orientation ] is amplified for the minute molecular 
entation generated as a result of the exposure of the light of the linearly polarized light by heat- 
tatment, and moreover, with a transition temperature [ below ]. it is considered because an orientation 
ndition becomes stability at altitude as a result of the intermolecular interaction. 
)16] Although the resin coat used in this invention includes a dichroism photoreaction nature 
nfiguration unit, a "dichroism photoreaction nature configuration unit" means the molecularity unit 
lich the absorption intensity in the same wavelength in the molecule shaft which intersects 
rpendicularly mutually differs, and brings about isomerization by optical absorption here. It is desirable 
have the cylindrical structure where an intermolecular interaction happens efficiently, as a dichroism 
otoreaction nature configuration unit included in the resin coat of this invention. Especially a desirable 
ng is the liquid crystallinity or the crystalline thing permuted by the azobenzene expressed with the 
lowing general formula (1) as such a thing. 
:>rmula 4] 




(1) 
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he residue of the bivalence which combines X with a macromolecule principal chain among a formula, 
d Y show a hydrogen atom, the alkyi group to a carbon number 8, a cycloalkyi radical, a cyano group, a 
TO group, the alkoxy group to a carbon number 6, the alkoxy carbonyl group to a carbon number 6, a 
logen radical, a trifluoromethyl radical, or a trifluoro methoxy group) 

31 7] That what is necessary is just that to which these resin is applied as a substrate used for this 
/ention required in order to prepare the above-mentioned resin coat, although transparence and 
acity are not asked, to constitute a liquid crystal cell, for example, at least one side needs a 
insparent thing between two substrates which constitute a liquid crystal cell. As a transparent 
bstrate, what covered metallic oxides, such as oxidization silicon, the tin oxide, indium oxide, an 
jminum oxide, titanium oxide, chrome oxide, and a zinc oxide, silicon nitride, silicon carbide, etc. is used 
' sheets or those front faces, such as silica glass, hard glass, a quartz, and various plastics. As an 
aque substrate, the thing which made the metal layer metallurgy group oxide layer adhere to front 
^es, such as a metal or glass, and a plastic sheet, is used. 

318] About said dichroism photoreaction nature configuration unit, it joins together or mixes and the 
icromolecule used for a resin coat by this invention becomes. Stable liquid crystallinity or a stable 
/stalline polymer has the desirable condition of having carried out orientation by the optical exposure 
long the macromolecules which combined the dichroism photoreaction nature configuration unit, to 
at or a solvent. Since liquid crystallinity or a crystalline polymer is observed as light field based on a 
efringence by the polarization microscope, it can distinguish the film easily. Moreover, this liquid 
/stallinity or a crystalline polymer can measure a liquid crystal phase and isotropic phase transition 
nperature, and the melting point by thermal analysis. 

319] When it constitutes this resin coat from the liquid crystallinity or the crystalline polymer film 
rmuted with the azobenzene derivative, in order for the macromolecule which combined the 
obenzene to discover liquid crystallinity or crystallinity. it is desirable to introduce into an azobenzene 
ime the alkyI group which has the effectiveness which an intermolecular interaction reinforces, a 
cloalkyi radical, an alkoxy group, a cyano group, a nitro group, and an alkoxy carbonyl group. Moreover, 
uid crystallinity can be discovered also by introducing a part of meso gene radical of non-photoreaction 
ture. 

320] If it is the case where principal chains are polymethacrylate and polyacrylate, as a liquid 
/stallinity macromolecule which has an azobenzene, the macromolecule which has the monomeric unit 
istrated by the following table 1 will be mentioned 
table 1] 
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)21] In this case, it is desirable to make into a copolymerization unit the non-photoreaction nature 
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}nomeric unit expressed with a table 2. 

table 2] 
p 

^ (12) 




0-(CH2)aO — ^ } 1 /-CN 



p 

CN (13) 



0-{CH2),0— 



b-(CH2)2( 






HN— 4, ^OCH. ^^^^ 



O 

O— (CHa)20 




b-4 >-OCH3 ^^6) 



O 

)~O-(CH2)20 C^V-/ /=\ 



OCHb <17) 

)22] Many examples whose principal chains are polyester, polyimide. a polysiloxane, polyurethane, poly 
3a, etc. are known for the liquid crystallinity macromolecule which has an azobenzene (V. the volume 
Shibaev, Polymers as Electrooptical and Photooptical Active Media, Springer, 1996, p37 -110 
erence). and these can also be used for this invention. Although the example of the liquid crystallinity 
Dbenzene macromolecule used for this invention is shown in a table 3, it is not limited to this, 
table 3] ' 
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■ljC-4—COO(CH^2— O— ^^^y— N=N— ^^^^CN 
H3C^OOO(CH2)a— 0-< V- < CN 




(1 8) 



„ -N=N— 4, >-CN 

r (CHate y=V 1 (19) 

-[-NHCOO(C»»2)2— N— (CHjjzOCONH 



(20) 



)23] Moreover, the example of the azobenzene macromolecule in which the crystallinity used by this 
'ention is shown is shown in a table 4. 
table 4] 
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(2 2) 



(23) 



(24) 



(2 5) 



(26) 



(27) 



)24] the following as an azobenzene macromolecule in which the crystallinity used by this invention is 
3wn — being usable . the thing (R.H.Tredgold et al. — ) which made p-permutation azobenzene which 
5 a hydroxyalkyi radical react to the alternating copolymer of styrene and a maleic anhydride 
jbenzene permutation polyester manufactured from J.Phys.DAppl.Phys.. 20, and 1385 p(1985)- 
snylene diacrytic acid: (A.Natansohn et ai. Macromolecules, 27, and 2580 — the polymethacrylate 
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lich has the cyano azobenzene shown in (22) of the above-mentioned table 4 in a side chain again 
)94) is a crystalline polymer with the high melting point. 

)25] Although the orientation resin film by this invention performs an optical exposure to the above- 
intioned resin coat and is formed in it. it explains the optical exposure to a resin coat including a 
:hroism photoreaction nature configuration unit here. On a substrate, revolution spreading, flow casting 
reading, screen-stencil, etc. are presented with the solution of the above-mentioned resin, and let it be 
:hin film, thickness — the range of 5 to lOOOnm — it is the range of 10 to 500nm more preferably. For 
ample, if it is the thickness of the above-mentioned range in the case of the giant molecule which has 
azobenzene. the color of the film originating in an azobenzene can be disregarded and will become 
insparent and colorless substantially. Since the orientation of liquid crystal is regulated by the 
entation of the azobenzene residue in the surface layer of a poly membrane, even if thickness is large 
)re than this, in order to control liquid crystal orientation, it is meaningless, and if thickness is too large, 
3 coloring based on the optical absorption of an azobenzene or a permutation azobenzene will not be 
le to be disregarded, but the quality of the liquid crystal device obtained will deteriorate. On the other 
nd, in the thickness below the above-mentioned range, since the homogeneous film is hard to be 
tained upwards and a substrate front face is selectively exposed, the homogeneity of liquid crystal 
entation will be spoiled. 

)26] As an optical irradiating method for obtaining the homogeneity orientation of a macromolecule, 
3re are an optical exposure of the linearly polarized light and an exposure from [ of the light of 
polarized light ] slant. The light from the light source is irradiated through a polarizing element at the 
sin coat which was prepared by the above-mentioned approach in the optical exposure of the linearly 
larized light. As the light source, an ultrahigh pressure mercury lamp, a xenon LGT. a fluorescent lamp, 
jrcury, a xenon LGT. etc. can be used, and the polarization sheet of a polyvinyl alcohol system is 
itably used as a polarizing element. Incidence of the exposure from [ of the light of unpolarized light ] 
:nt is carried out to a resin coat from the direction which makes a certain include angle from a 
rpendicular [ as opposed to a resin film front face for the light from the above-mentioned light 
urce ]. The include angle which a perpendicular and the direction of incidence make is 45 degrees from 
degrees more preferably 60 degrees from 5 times. The amount of exposure energy per unit area is the 
ige of 50 mJ/cm2 to 2 mJ/cm2 more preferably about two 10 mJ/cm from 10 mJ/cm2. although it is 
jatly dependent on the property of resin, exposure wavelength, etc. While the isomerization to which an 
Dbenzene uses a cis- object as a principal component by UV irradiation occurs, in a light exposure, the 
•merization which uses a transformer object as a principal component occurs. Thus, although it is 
own well that there is a wavelength dependency in a photoisomerization reaction, both ultraviolet rays 
d the light can be used in an optical exposure [ in / unexpectedly / this invention ]. Therefore, it is not 
cessary to separate a wavelength field upwards, and can make the most of a wavelength light 
ctivity / from the light source ] in the optical exposure of this invention: Especially the amount of 
posure energy required to bring about orientation in UV irradiation may be remarkably [ as about two 
zens m J/cm ] low. 

)27] After the above-mentioned optical exposure, the orientation resin film by this invention heat- 
sats. and is formed. If it is the case of a crystalline polymer, whenever [ stoving temperature ] are 
low a liquid crystal phase and isotropic phase transition temperature below the melting point, if it is a 
jid crystallinity macromolecule. If it is a crystalline polymer, and the melting points are 100 degrees or 
>re and a liquid crystallinity macromolecule preferably, a liquid crystal phase and isotropic phase 
msition temperature are 100 degrees or more preferably. By heat-treating, a photoreaction nature 
ild's amount of preferred orientation discovered by the optical exposure improves remarkably. Since 
5 poly membrane by which this was prepared by spreading from a solution in the case of for example, 
5 azobenzene macromolecule is reflecting the conformation in the inside of a solution, it does not fully 
ow liquid crystallinity or crystallinity, but is considered to be because for amorphism nature to be used 
the principal component. However, a photoreaction nature child's stacking tendency produced by 
tical exposure is reinforced by the self-organizing ability of an azobenzene radical in process of heat- 
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5atment. And since molecular motion nature is bound to altitude by the effective intermolecular 
leraction, the condition of having carried out orientation to the altitude discovered after heat- 
jatment serves as stability thermally to altitude. For example, the amount of preferred orientation of an 
obenzene radical improved remarkably, and, moreover, orientation was not in disorder [ to an 
expected thing ] by heating, after irradiating the light of the polarization to the spin spreading thin film 
Pori (1-meta-clo yloxy-4 -cyano azobenzene). at all in spite of the elevated temperature of 200 
grees. Although it has liquid crystal orientation ability and homogeneous orientation is given even if the 
n film of the azobenzene macromolecule which carried out the optical exposure and which is liquid 
/stallinity or crystallinity potentially itself shows dichroism. and it does not heat-treat so that it may be 
ill-known, the homogeneity orientation will be lost by heating more than the phase transition 
nperature of liquid crystal. To it, with the giant molecule which heat-treated after the optical exposure, 
ice the orientation of an azobenzene radical is stabilized, even if it maintains at the phase transition 
-nperature of liquid crystal for a long time, orientation is not in disorder. Moreover, even if the 
entation resin film stabilized by such heating irradiates light, orientation does not collapse. In other 
•rds, in the condition of not heat-treating, although it is possible to change the direction of orientation 
/ersibly by changing a linearly polarized light exposure shaft, since it is fixed to the orientation 
ndition of azobenzene residue by heat-treating, reorientation by optical exposure is not made or it 
comes very difficult. From this, the patternized following stable multiaxial orientation film can be 
spared easily. That is, only a required count irradiates the poly membrane which produced the film 
cording to a pattern by the light from which a polarization shaft differs. Subsequently, a multiaxial 
entation condition is fixed by heating this exposure film. By using this poly membrane as the 
entation resin film, the liquid crystal orientation condition by which orientation control was faithfully 
rried out to the orientation of an azobenzene can be acquired, and, moreover, this condition serves as 
ability with light or heat at altitude. 

)28] According to this invention, the above-mentioned orientation resin can be used as the orientation 
n for liquid crystal, and optical elements, such as a liquid crystal cell, can be constituted using the 
bstrate which has this orientation film for liquid crystal. For example, in creating an electric-field 
tuation mold liquid crystal cell, potentially, it applies to the substrate front face including a dichroism 
otoreaction nature configuration unit in which transparent electrodes, such as ITO, were prepared for 
5 solution of liquid crystallinity or crystalline resin by the spin applying method or screen-stencil, and 
ms a poly membrane. At this time, the melting point or phase transition temperature of resin selects 
3 thing more than the phase transition temperature of the liquid crystal to be used. After irradiating the 
ole substrate surface in which this resin film was prepared with the light of the linearly polarized light 
irradiating from across with the light of unpolarized light, it heat-treats at temperature lower than the 
ilting point or phase transition temperature of resin. In order to form a hyperfractionation pixel, after 
-rying out the optical exposure of the whole surface, and changing the polarization shaft of the linearly 
larized light, or the direction of incidence of the light of unpolarized light, only a required part can be 
at-treated to Mitsuteru putting, the occasion, and this appearance over a photo mask at the melting 
int of resin, or below phase transition temperature. A liquid crystal cell can be created by the well- 
Dwn approach using this substrate with the orientation film for liquid crystal below. TN is sufficient as 
J display-action mode of a liquid crystal cell, and STN is sufficient as it. Moreover, as liquid crystal by 
ich orientation control is carried out, it cannot remain in low-molecular liquid crystal, but a polymer 
jid crystal can also be used. In order to carry out homogeneity orientation of the polymer liquid crystal, 
usually heat near the phase transition temperature is required, but according to this invention, since 
i orientation in the orientation film is not in disorder at all in this heating actuation, it can use suitably, 
this case, as a liquid crystal polymer used, as long as it takes a nematic phase, a meso gene may be 
nbined with a macromolecule side chain, and you may combine with a principal chain. As a meso gene, 
Dyano biphenyl radical and p-^phenyl benzoate radical are used suitably. Although the example of the 
ymer liquid crystal combined with the side chain is shown below, this invention is not limited to this, 
table 5] 
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rthermore, it is applicable also to a lyotropic liquid crystal or discotheque liquid crystal. Moreover, after 
rrying out orientation of the low-molecular-liquid-crystal monomer of polymerization nature by the 
proach of this invention, a stable liquid crystal device can be produced still more nearly thermally by 
rrying out a polymerization. 

D29] In this invention, a protective coat can be prepared on the orientation resin film manufactured as 
mtioned above if needed. 

)30] Moreover, it not only uses it for a liquid crystal device as orientation film for liquid crystal, but the 
>in orientation film of this invention can be applied to various optical elements based on an optical 
isotropy, for example, a polarizing element, an optical compensation film, optical waveguide, an optical 
ormation record medium, etc. 
)31] 

ffect of the Invention] The description of the orientation resin film of this invention and its manufacture 
proach is in the place which stabilizes an orientation condition by the altitude order nature based on 
jid crystallinity or crystallinity. Since reorientation of the photoreaction nature residue in the inside of 
3 film by optical exposure, for example, an azobenzene derivative, is performed in the state of 
lorphism nature, there are few amounts of exposure energy, it ends, and can obtain the orientation 
>in film of a large area by uniform thickness. Moreover, in this invention, patterning is also arbitrary and 
3 muitiaxial orientation film can also be manufactured. Furthermore, the endurance of orientation 
proves remarkably by fixing an orientation condition by liquid-crystal-izing or crystallization. The 
entation film for liquid crystal indispensable to a liquid crystal display can manufacture a various optical 
iterial and various components, such as a polarizing element, optical waveguide, and a light filter, from 
3 first based on such a description. 
)32] 

xample] Next, an example explains this invention to a detail further. 

D33] An example 1 1 -hydroxy-4-cyano azobenzene and methacrylic-acid chloride were made to react 
der existence of triethylamine. and the 1-meta-clo yloxy-4 -cyano azobenzene was obtained. The 
lymerization of this monomer was carried out in the tetrahydrofuran. using azobisisobutyronitril as a 
lymerization initiator, and Pori (1-meta-clo yloxy-4-cyano azobenzene) ((22) of a table 4) of weight 
erage molecular weight 3.8x104 was obtained. The melting point of this homopolymer was 240 degrees 
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a result of thermal analysis. This homopolymer was dissolved in the cyclohexanone, spin spreading of 
at solution was carried out on the glass plate, and the thin film was formed When it observed with the 
•larization microscope at the room temperature after heating this thin film to 180 degrees, it was 
lecked that the birefringence based on crystallization is discovered. Next, after irradiating 365nm 
•larization ultraviolet rays at the poly membrane with a thickness of 50nm which carried out revolution 
reading and which was obtained to the glass plate by amount of exposure energy 100 mJ/cm2 per unit 
sa. when it asked for the amount of preferred orientation with the polarization absorption spectrum, the 
:hroic ratio was 0.037 before heating, the place which heated this poly membrane at 200 degrees for 10 
nutes for 5 minutes for 2 minutes, respectively, and measured each amount of preferred orientation — 
e amount of preferred orientation — 0.18 and 0. — it improved with 20 and 0.20 and, moreover, it 
med out that it is stable. Moreover, in the above, the substrate with the orientation film for liquid 
/stal by this invention was similarly obtained except having irradiated 365nm unpolarized light 
iraviolet rays by amount of exposure energy 100 mJ/cm2 per unit area at the include angle which 
ikes 20 degrees from a perpendicular to a film surface, and having heat-treated at 180 degrees after 
at. When the nematic liquid crystal (DON-103) was made to pinch in the meantime and the liquid 
/stal cell was produced using these two substrates with the orientation film for liquid crystal, it was 
mitted by polarization microscope observation that the liquid crystal layer was carrying out 
mogeneity orientation. After heating this liquid crystal cell for 1 hour at 80 degrees which is more than 
uid crystal phase transition temperature (74 degrees), when it returned to the room temperature, 
mogeneity orientation was not changing. Moreover, it was 0.8 degrees when the pre tilt angle was 
jasured by the crystal rotation method per this liquid crystal cell. 

334] In example of comparison 1 example 1, after irradiating 365nm linearly polarized light ultraviolet 
/s at the thin film of Pori (1-meta-clo yloxy-4-cyano azobenzene) by amount of exposure energy 100 
J/cm2 per unit area, the substrate with the orientation film for liquid crystal was similarly obtained 
cept not performing heat-treatment. And when the liquid crystal cell was produced using this substrate 
:h the orientation film for liquid crystal, it turned out that the liquid crystal layer is carrying out 
mogeneity orientation. However, after heating this eel at 80 degrees for 1 hour, when it returned to the 
3m temperature, orientation had completely disappeared. 

)35] the place which asked for the amount of preferred orientation the thin film of Pori (1-meta-clo 
►xy-4-cyano azobenzene) created in the example 2 example 1 with the polarization absorption 
ectrum after irradiating the light of the 436nm linearly polarized light by amount of exposure energy 50 
l/cm2 and 100 mJ/cm2 per unit area — respectively — 0. — it was 0054 and 0.037. Next, when these 
n films were heated at 240 degrees for 5 minutes, respectively, it turned out that the amount of 
iferred orientation is improving with 0.049 and 0.18. When the nematic liquid crystal (DON-103) was 
ide to pinch in the meantime and the liquid crystal cell was produced using two substrates covered 
:h the film which performed these heat-treatment, it was admitted by polarization microscope 
servation that the liquid crystal layer was carrying out homogeneity orientation. After heating this liquid 
/stal cell for 1 hour at 80 degrees which is more than liquid crystal phase transition temperature (74 
grees), when it returned to the room temperature, homogeneity orientation was not changing at all. 
)36] It was 0.06 as a result of measuring the amount of preferred orientation of azobenzene residue, 
er irradiating the light of the 436nm linearly polarized light at the thin film with a thickness [ of Pori (1- 
ita-clo yloxy azobenzene) which is example of comparison 2 amorphous polymer ] of 50nm by amount 
exposure energy 2 J/cm2 per unit area. When this film was heated at 100 degrees for 30 minutes, 
»st amounts of preferred orientation by which induction was carried out by the optical exposure were 
'o. Although the thin film before the heat-treatment which irradiated the light of the linearly polarized 
it carried out homogeneity orientation of the liquid crystal (DON-103) used in the examples 1 and 2, 
mogeneity orientation completely disappeared by heating at 80 degrees for 5 minutes. 
)37] The macromolecule of the molecular weight 2.8x104 with the copolymerization ratio of 1:0.6 was 
tained by carrying out radical copolymerization of the 1-meta-clo yloxy-4'-cyano azobenzene and 
-ylonitrile which were obtained in the example 3 example 1 in a tetrahydrofuran. Spin spreading of the 
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clohexanone solution of this macromolecule was carried out at the glass plate, and the thin film was 
med, after irradiating the ultraviolet rays of the 365nm linearly polarized light like the example 1 by 
posure on-the-strength 200 mJ/cm2 per unit area, it heated at 200 degrees for 5 minutes, and the 
bstrate with the orientation film for liquid crystal was obtained. When the nematic liquid crystal (DON- 
3) was made to pinch in the meantime and the liquid crystal cell was produced using these two 
bstrates with the orientation film for liquid crystal, having carried out homogeneity orientation of the 
uid crystal layer was admitted by polarization microscope observation. After heating this liquid crystal 
II for 1 hour at 80 degrees which is more than liquid crystal phase transition temperature (74 degrees), 
len it returned to the room temperature, homogeneity orientation was not changing at all. 
D38] The 1 -butoxy-4'-(4-hydroxy butyl) azobenzene was made to react to the tetrahydrofuran solution 
the alternating copolymer of the styrene of example 4 weight average molecular weight 1600, and a 
ileic anhydride under existence of sodium hydride. The methanol was added, the reaction was ended, 
in spreading of the methyl-ethyl-ketone solution of the obtained giant molecule ((25) of a table 4) was 
rried out at the glass plate, and the thin film was formed. After irradiating the polarization white light at 
s thin film, when it heated at 70 degrees, the dichroic ratio increased. When the liquid crystal cell was 
sated using the glass plate which prepared this thin film irradiated and heated, having carried out 
mogeneity orientation of the liquid crystal layer was admitted by polarization microscope observation, 
ter heating this liquid crystal cell for 1 hour at 80 degrees which is more than liquid crystal phase 
insition temperature (74 degrees), when it returned to the room temperature, homogeneity orientation 
s not changing. 

)39] Spin spreading was carried out and the thin film was formed in the glass plate which covered with 
3 transparent electrode the dioxane solution of a polyurethane system liquid crystal polymer ((19) of a 
Die 3) which has an example 5p-cyano azobenzene in a side chain. It heated at 90 degrees C for 10 
nutes after irradiating the polarization white light at this thin film. Homogeneous orientation was 
served by the liquid crystal layer when the liquid crystal cell was created like the example 1 using the 
bstrate which prepared this thin film. Although this liquid crystal cell was heated at 80 degrees C for 1 
ur, turbulence was not produced in orientation. 

)40] Spin spreading was carried out and the thin film was formed in the glass plate which covered with 
2 transparent electrode the dioxane solution of a poly methacrylic system liquid crystal polymer (a 
jid crystal phase and isotropic phase transition temperature =128 degrees) ((14) of a table 3) which 
s an example 6p~cyano azobenzene and p-cyano biphenyl radical in a side chain. It heated at 100 
grees C for 10 minutes after irradiating the polarization white light at this thin film. Homogeneous 
entation was observed by the liquid crystal layer when the liquid crystal cell was created like the 
ample 1 using the substrate which prepared this thin film. Although this liquid crystal cell was heated at 
degrees C for 1 hour, turbulence was not produced in orientation. 

341] Spin spreading was carried out and the thin film was formed in the glass plate which covered the 
>xane solution of example 7 Pori {4-[4"-(4-nitro phenylazo phenyloxy)] butoxy} styrene (a liquid crystal 
ase and isotropic phase transition temperature = 155 degrees) ((21) of a table 3) with the transparent 
jctrode. It heated at 140 degrees C for 10 minutes after irradiating the polarization white light at this 
n film. Homogeneous orientation was observed by the liquid crystal layer when the liquid crystal cell 
s created like the example 1 using the substrate which prepared this thin film. Although this liquid 
/stal cell was heated at 80 degrees C for 1 hour, turbulence was not produced in orientation. 
)42] Revolution spreading of the 1-% of the weight cyclohexanone solution of Pori (l-meta~clo yloxy- 
cyanobenzene) used in the example 8 example 1 was carried out on the glass plate, and the thin film of 
nm of thickness was formed- After irradiating the light of the linearly polarized light with a wavelength 
436nm at this thin film by amount of exposure energy 100 mJ/cm2 per unit area, heat-treatment was 
rformed for 2 minutes at 240 degrees C. The polymer liquid crystal. Pori [(revolution spreading of the 
-% of the weight toluene solution of p-methoxypheny and p-(3-acryloyloxy propyloxy) benzoate] 
w=4200, Mw/Mn=1.63) was carried out on lOOOrpm and the conditions for 20 seconds.) this thin film 
D and whose nematic isotropic phase transition temperature are 76 degrees C It kept at 75.5 degrees C 
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* 30 minutes after heating this to 100 degrees C. As a result of observing this film with a polarization 
croscope. it turned out that light and darkness are observed in a cycle of 90 degree, and the liquid 
/stal polymer film is carrying out homogeneous orientation. 

)43] Like example 9 example 8, revolution spreading of the 1-% of the weight cyclohexanone solution of 
ri (1~meta-clo yloxy-4-cyanoben2ene) was carried out on the glass plate, and the thin film of 50nm of 
ckness was formed. After irradiating the light of the linearly polarized light with a wavelength of 436nm 
this whole thin film by amount of exposure energy 100 mJ/cm2 per unit area, the light of the linearly 
larized light which changed 45 degrees of polarization shafts over the photo mask was irradiated by 
lount of exposure energy 200 mJ/cm2 per unit area. After heat-treating this film that carried out the 
tical exposure for 2 minutes at 240 degrees C, revolution spreading of the solution of the polymer 
jid crystal used in the example 8 was carried out. and it heat-treated on the same conditions. As a 
>ult of observing with a polarization microscope after returning to a room temperature, the orientation 
ttern of homogeneity with which the line breadth of 4 micrometers was resolved clearly was observed. 
)44] an example — it obtained by carrying out the radical polymerization of the monomer which 
rresponds {2-[4-(4-methoxy phenylazo) phenyloxy] ethyl methacrylate} (weight-average-molecular- 
ight =2.26x105, a liquid crystal phase and isotropic phase transition temperature =171 degrees C) in 
uene 10 Pori. The dioxane solution of this giant molecule was prepared, on the glass substrate, spin 
-eading was carried out and this was made into the thin film of 50nm of thickness. After irradiating the 
it of the 436nm linearly polarized light at this, when it heated at 1 10 degrees C, dichroism increased 
:h 0.44. 

)45] an example — it obtained by carrying out the radical polymerization of the monomer which 
rresponds {2-[4-(4-methoxy phenylazo) phenyloxy] hexyl methacrylate} (weight-average-molecular- 
ight = 1.25x105, smectic nematic phase transition temperature = 95 degrees C, nematic and isotropic 
ase transition temperature = 137 degrees C) in toluene 11 Pori. The dioxane solution of this giant 
)lecule was prepared, on the glass substrate, spin spreading was carried out and this was made into the 
n film of 55nm of thickness. After irradiating the light of the 436nm linearly polarized light at this, when 
leated at 1 1 0 degrees C. dichroism amounted to 0.64. 

)46] Pori used in the example 1 2 example 10 — on the glass substrate, spin spreading was carried out 
d the dioxane solution of (2-[4-(4-methoxy phenylazo) phenyloxy] hexyl methacrylate} was used as the 
n film of 55nm of thickness. The light of 436nm unpolarized light was irradiated from 60 degree from 
5 substrate front face at this. When this irradiated film was heated for 10 minutes at 1 10 degrees C, 
;hroism amounted to 0.1. 

)47] Pori used in the example 13 example 10 — on the glass substrate, spin spreading was carried out 
d the dioxane solution of {2-[4-'(4-methoxy phenylazo) phenyloxy] hexyl methacrylate} was used as the 
n film of 55nm of thickness. The light of 436nm unpolarized light was irradiated from 80 degree from 
3 substrate front face at this. After placing the photo mask on this film, since the plane of incidence in 
3 first exposure was rotated 90 degrees, it irradiated from 80 degree from the substrate front face, 
is was heated for 10 minutes at 1 10 degrees C. It was checked that the clear image by the 
efringence is formed into this polymer liquid crystal film of polarization microscope observation. 



"anslation done.] 
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Macromolecules, 27. 2580 (1994)) ^fc. ±15^ 
(2 2) i^ry T>^^>-^VS:{iy®{Cjto 50 



[o o 2 5 J *5iw(cj:^iaf6j«fliKji. ±mmm]Rm 

5 n m^^e> 1 0 0 0 n mO^ffl, J; L < 1 On 

ni;6^b 5 0 O nmcoteffl-e*>'5o 0!li:tf> ry-O--^^ 
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(9) 
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[00 2 61 M^^(om-m\p]i:^^^tci^<o%m!ttmt 

J:t)if^L<lii 0S;d^e>4 5S'efe5o m-as^^fc 

#<fe#-r^75^ 1 Om j/cm^d^b 1 Cm J/cm2 
S*. J:t?»*U<ti50mJ/cm2;ii^b2mJ/c 
m^^Dffiffl-CfeSo ry-^^-^VI^. SI^^R^^(ci:o 

[0 0 2 71 y^^m\z^^m^mii^mt.. ±u%mM(o 

:^^-e^tL{^, St/^j^»* L < 1 o oSi^AJi. fgfstt 
J: o TPS* tt/cigiJ^Kl^i^M'f'-cco =1 VTjx- 



4#fF 2990270^ 

18 

^^^^ 4 * - ->T y T £0 

;6^t>:ft^>:e:i<b(c. 2 0 oAt\^^oMmzht^f)^t>h'f 
S^^t: * ^ fc i^) (^ffi^^^gL^ {cs^ra o r t> 

I^^-fSiSr^^^r <i:;^>5"^SgTfe^7!f^ ;DDl?S*aS$riSt-^ 

y<^->^t^tirc^mmi^m^^Mi:imm-t^ :it7b^x 
%iA(r>m^£^^izx^x^<^—>{cF{;zxmM'r^. o 

[0 0 2 81 -blB^iafS]1t^g^?K^B^ 
*;^f^^^:m&*>6vM:i;^i5^ V—>mmicX^X. i T 
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4#ff 2 9 9 0 2 7 



19 



20 



[%5l 



— ( C H , ) — O^^^-^— C N 



'(CH«>— 



CN 



HjC-S i — f 

/ <CH,)— 

H,C-S i — f 

/ (CH,)— 



<CH.>^0-Q-e°_Q_ 




•OCHs 



OCHs 



OCHs 



[0 0 3 0] ^fc. :*:^0^<Ol»flg^fS]^l^. ^SfaffllBl^ 
[0 0 3 1 1 

^xjE.mik^^^'^it$^^t^^{c;h^. ^mM^cx 
t^(D^m\^i±^^B\±(oi^mxfff:^ti^<ox. mm:^^/i^ 



10 0 3 2 1 

[00 3 31 MMm 1 

fia:¥^:&^»3. 8xio*<D7Ky (i->i$'i7u^ 

2) ) ^#fCo m^Vrcom^. -<Dyt^^y^V^—<Dm& 
i^2 4 O*t^feofc« :icD;J%^7}^y-^— :S^^/^7u->.:J^^f- 
xmm^r^^Lt:!^ :z(Dmm^isom^xmm\^r:^^ 
\cm^E,xm^mmmxmmLtct:i^. m^Bmcm-5< 

mmVviiy^m^l^x\^^^:it7bmm^tifc^ 



-10- 



21 

fil00mj/cm2 -eRP,M \.Xf)^hm%^^>^^^ V 

fi^SJ^bfc^:!^. iBfSj^tiO. 18. O. 2 0. 
O. 2 0^I6I±U. L;5^t>^3e-efc5r ^;!)55>d^ofco 
^fc. ±15lc:ioV>T. 3 6 5 nm<7)^{l3t^^^^^® 

OP.M^ai^/V'^— fi 1 00mJ/cm2 -Qf^M LfcZ 

tco r(D?S^ffiKfS]j^##Sffi^2tft:fflv\ -^op^ci^ 
-^^^y^m^m (DON-103) ^t^n^^. ?K^B-fe/l-^f^S 

urn (7 4S) £A±'efo'5 8 OS-Cl^^;bD^UT;0^fe 

^fc; C(?:>ifirs-fe/wco#^ y jx^/ua— f^— 

[ 0 0 3 4 J ittftga 1 
Si^«l4rm^acBaafc K> (Omm^^/\^^-A 1 0 0 m J 

m^Bmm\^mH^s^^m^^xm^B±^\-i:i^m\^fztz 
[0 0 3 5] mmm2 

-^^T JTV-0^:y) (OWB\^^ 4 3 6 nmcoHjim 

j/c m2sr/i 0 om-s / om^xmM\.xt^hm%WL 

^:^-<i^ V)V\:L^^X^^m'^i^mz.tZ.^^ ^tv-^ti 
0. 0 05 4. 0. o3 7-es>o;rco rtt?>o» 
llSSr-^ti-eti2 4 0ST*5^*D^L:/h^:i>5>> Kf6j^J:i 
O. 0 4 9. 0. 1 8 ^l^±LTV^5r ^755:»75^ofCo 

V\ ^<r>mvc^^^v^mg^ (DOW-103) Sr^}*^'^. 

:L}itmim:^mm.^\^^-2>xm^^i^tzo ^co^s^b-^ 

/l-^lSfBtB^^ta^ (7 4g) ^js±.x^^^o^x\n 

m!m\.xt^hm^\zm\^fz.tz,^^ ^—mx^\^^<m. 

[0 0 3 6] itgJ^ 2 
-<:xifV) 5 O nmOa?ie(-4 3 6 nm(Oii:^{B 



(11) 4#ff2 990 2 7 0^ 

22 

3t03t$:m^®S^/ct?OB^,t*^;t;/u^-a2 J/ cm 

0. o6-efco3to rois^ 1 o o^-es O5>2io 

li:^lS^l&0^2-effll^yci?£fB (OON-103) SrBj-iB|6] 
8 oaf-C5 5>*Df»-r'5:i^<CctoT*l?-Effi) 

[0 0 3 71 3 

>-+»-e^i/;«7 7V#S^-r5r irfCioT. 1:0. 6<0 
^a'g'H:*i$o5>^*:2. 8 X i O^o^g^^^^^/Co 

UTSS^^JJ^^ *JfiW 1 t mm^C UT 3 6 5 n 

m(D&^m^(D^^m^m&mmmtc ^ (om^^m 2 0 

OmJ y cm^Xm^\^X:d^i^ 2 0 O^XS^m^.i. 

X. ?KfBfflga[S]ig##s«5r#fCo z<om^nmmmmH 
2(> 3) ^^i^^ii:. m^B±/i-^r^mhtzt^^^ m^emn 

ix;rcp Ctoig^ir/uSr^KS^gfe^MS (7 4S) i^±-C 

*>5 8 o 1 mmi)mvxt>^tb^u\cm ufc ^ ^ 
[0 0 3 8] mMm 4 

h y »>i^O#?tT-C. l-:/h:^v'-4* - (4-t:K 

iO **B;^iTRi5::^*l'jgb. #bnfcig5>^(^4 o (2 
5) ) 

(omiti. i3mi.t:immi:m'ftc:^^:^mi:m\i^xm&'t 

mytmwm.m^^^^^xmit>hthr'^ zcom^B-^/i-^m 
^Bnm^um (7 4m) «jiTfo5 8 o^T*iB$pfl*DSft 
{.xib^h^mcmi^ttitz^^ m-miP\nmtL,x\i^fj: 

40 [0 0 3 91 '^Mm 5 

5>^?Ef0 (*3(^ (19) ) SP>q 
mmxm^ L ;^ ^ ;^ «tc x ^^^^ L Tl*B[«r^^ U 

z.<Dmm\^m%&^%^mMi.X'f)^h9 ox:xi o 

i^mi}m\.f:i. ro3f^*SttfcSS4rfflv^r*i£^i 
^J=^T::^W^^f>m^^titZo ^<r>m^B±^^i:B 0X^X1 

(004 01 6 

50 p-->ryr>^-<>'-^>'&tJ?p-->T/ 
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ffig^^S= 1 2 8^) (^3<0 (14) ) <7)v?:;r:^-9- 

[004 11 UlSed 7 
T^i; {4-[4- (4 ^D:7al:::l>r^T)/:7aLZZ/^;^- 
15 5**) (^3<0 (21)) (Oi^:t^^>'mm^. S 

?Bm®T*«« bfc;^7 >^«tc;^ M'^m^ i.xmm^'B^ 

l.tCo r<7>f51g(ciS3tefe3t«rK«UT;6-e>14 0*C-e 

1 o5>ra*o^LAco :i(ommi:nnf^&m^m\^^xmm 

041 ^l^«{cLT?SfBir/u^f^^Lfc^r>E>. fg^aSfc 
*^^>nr;^ga[a]d5a^^4x/Co wt^^iE^-t/wSr s or 

[004 21 mmm s 

^;^«<OJi(c[Hieife*LTJKJ5 5 O nm<OSSlBSr?|^j«L 
fCo :i<^^^fCjKS4 3 6 nmOffi^ii^tOpra^t^^ 

y) Ofi8t*^^/U^-» lOOmJ/cm^-T? 
R^**bfc^> 2 4 0*C-C2 5JraSp^*0.3@S:firo/Co rco 

y'l^-p- (3 -TiJ' y o^/W;^:^->:/n tV^;t-:^-» ^ 

h] (Mw=4 2 0 0. Mw/Mn=l. 6 
3) O 2 oma% f/l-^i^V^IKSr 1 0 0 O r pm. 20 

^^(D^wxjEimm^i^rco rtt^i oox:*-c*DiftL-c 
;ei-e>7 5. 5x:ic3 o^^i^ofco ^(Df^i:m^m^m 
-cmmvtims^. 90- ^si-cwBtd^as^ti. 

[004 31 *:te04 9 

-4-->T /-<ly^» OlaS%>:5^^-^^i^y 
?K*;^f^>^«(D±(c[pl^^*L-C^J¥5 O nm(^^^4r 
?F^J55cUfCo :L(Dmm±mcj^^ 4 S 6 n m<Dm.BU%(D 
-^^yt^mikmm^f:i^(OmM=^^^l^^-&l 0 0m] 
/cm2-eR8WLfcm. :7;:t- h-^>^iJ^aLIC'(B^W$r4 

^/\^^—m2 o om J y cTn^xmMLfzio :i(oytmM 
\^tzfm^2 4o°cx-2i^mmmmmi.tc'ik. mmmsx 



02) #fF2 9 90 2 70^ 

24 

[00 4 41 ^M&i 1 o 

{2- [4- (4 h^^/>^^:=:yur>^) 7ai:=i 

2 . 2 6 X 1 0 5 , fS^ffi • 1 7 1 

t:) h/u^^fp-C^v^;^/^^^ 

0 nmCOfl|^<t LfCo r tt(C 4 3 6 n m(0[iJ|®^(03t 
^SBt^LT;!>-^ 1 1 OX^i^^mmLtctZ^^ Hfel^d: 
0. 4 4 

[00451 mmm 1 1 

{2- [4- (4-> h=^^/:7ai^yUT>^) 

= 1, 2 5 X 1 0 5/^5^ • ^-^^ix^^SK 

^M«=9 5*C> ^-^^^5/^ •^*ffiefiiaft=l 3 7 

5 nmOli®^ UfCo wtt(::4 3 6 nm<Diti^<B3tC03t 
?rfi^.MUTd-ibl 1 OX:tCjlPf!ftLyt^r^. -fettle 
0. 6 4tCitLfCo 
[004 61 1 2 

HiteWi o■effiv^yt7Ky {2- [4- (4-7«b=¥i^>^ 

30 5nm(Dmmtl.fCo rttf-4 3 6 nmCOl^ffi^t 

O3tS:S««SD;0^b6 O** *lfi]X>*e>raft LfCo wOHBM 
Uyh^Srl 1 0t:tci 0^jra*DfRiL7t<br^. 
0. Kci^LAco 

[004 71 ^jfiea 1 3 

m609l 0•Cfl|V^Ac7Ky {2- [4- (4~-7«h=¥i^7 

V) <D^J^:^^^:ymm^:^'7 ::^^^±\cy^\f>mM\.X 
IBJPS 5 nm<OS»JK^: Lfdo rtbJc: 4 3 6 n m(^)^ffiA 
03t«:£«*®;«»^^ 8 0° *-lS];5^e>fiP.MUfCo w<^ig<D 

MB?r 9 OS[Hl^^-^X7;f^bS«*®d-b8 0° 
e>fiSMLfCo m«rl 1 0X:(C1 0^>ra*DfRLfCo ffi3t 
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